Chinese Physical Society
Mﬂﬁﬁ Acta Physica Sinica :

€D Institute of Physics, CAS

SREISEEAR KRR E MR R
HER HEH THT

Recent advances in photo—stability of lead halide perovskites

Lou Hao-Ran  Ye Zhi-Zhen  He Hai-Ping

5|5 &, Citation: Acta Physica Sinica, 68, 157102 (2019)  DOI: 10.7498/aps.68.20190324
TELERE View online: https:/doi.org/10.7498/aps.68.20190324
AN View table of contents: http://wulixb.iphy.ac.cn

BT BB A HAB S EE

Articles you may be interested in

BSERAT APDIBSS AR E M KO HLME B A BRI

Theoretical study on the stability and photoelectric properties of APbI3 perovskite
PIH2AAR. 2017, 66(5): 057103  htips:/doi.org/10.7498/aps.66.057103

SN2 A A BT A FH A FL WL AR R 1 ) PR SR 4R

Factors influencing the stability of perovskite solar cells

YrH2E4R. 2015, 64(3): 038803  https:/doi.org/10.7498/aps.64.038803

BHERET A B REFRL M P L A S RO T 2

progress in electron—transport materials in application of perovskite solar cells

YA 2015, 64(3): 038802  https:/doi.org/10.7498/aps.64.038802

T DU ARG R R S S0 s T LR D AL 5

Piezoelectric effect mechanism in lead—free tetragonal perovskite short—period superlattices

YA 2018, 67(7): 077701  https://doi.org/10.7498/aps.67.20172710

TCHT AN A L= JCALS A R B L Y I st e

Progress in Ph—free and less—Ph organic—inorganic hybrid perovskite solar cells

PrPeEd. 2018, 67(2): 028801  https:/doi.org/10.7498/aps.67.20171956

AR T SRR LR TS
Recent progress of improper ferroelectricity in perovskite oxides

YIFR44. 2018, 67(15): 157504  https://doi.org/10.7498/aps.67.20180936


http://wlxb.xml-journal.net
https://doi.org/10.7498/aps.68.20190324
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.057103
https://doi.org/10.7498/aps.64.038803
https://doi.org/10.7498/aps.64.038802
https://doi.org/10.7498/aps.67.20172710
https://doi.org/10.7498/aps.67.20171956
https://doi.org/10.7498/aps.67.20180936

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 15 (2019) 157102

TR ST SRR S YIE

ST AR EEARER

R

o g 1

(WHLIRSAMRIRL 5 TR, AP RHE K 900 %, B 310027)
(2019 4F 3 A 7 HUE]; 2019 4F 4 A 12 AULEHEER)

B B BRI T S B O i w HLEA T 200 S e R, TR R O FRBE R . Ot T Ot Ot
PR A5 56 L T U ) I A T A, (EUR AT 5 85 BT 7L AR IR AE 7E AR R RR, ™ E 2 ma A 53Ot
HL A P A 5 A R PE RE RS SE . R, 1 B 85 BR AT TR 20 BT AR TR U PR B4R S HLL B IE 32 21 Ok B 22 11 5
TE. AR SCERAR T BV AL B 7ERF SO T DU EEARER S, MDEBE UL O AER | JeE0H 2 3
GULBOCERE A, I 43 H i 42 AR SCHLEE, 23 B BRI S | B 7188 . P22 U | few i 2 A
KB HOCIRATRE . fReJa, ARSCRIZEHE T 85K P OLARE R TE (19 5 2% 1k B R e 7 2 A D g ).

KEER: HTRIAESERET, Yok, MIEE
PACS: 71.23.An, 88.40.hj, 88.40.fc

1 5 =

By E5Ek et — B ABX, IR KL
10 R, b A SRR PLHES T (i e T
MA*+, B kB F FAY) sl Tl Cst8 F, Bl
P> 1, X Z BB . 4R F ke SO
WAL B4, B[R] B A 0 A A L - RN s POl B
B W B T U B 78 R Ay 1910 [R] e i L
B 5 B I IR R B M R S RCR 12 e
25 BB R, o E R, X AR AT LU
TRTA AR R ) B, AR AR HLAT o ol o | PRI o 2
R THEREE. o BT S () R AR AT 1 B B 7 K FH B

H L 118 % 5 TR 4 (LED)1-21 80k 2229

TR 7 126290 5 45 EL A T R %) O R . AL
2009 4 Kojima 55 M 15 R 7E G RHEL K FHRE FL Tt
i ] CH,NH,PbI, Hl CH;NH;PbBr; 1 5%
WORE LA, S LA PG ERE™ K PHAE FL St 4 G
FARRCR AR =, HATE 2ot 23%00. 51tlH

*ER HRBIERES (ES 51772271) B BhAYIRAL
t MfEVEH . E-mail: hpheQzju.edu.cn

©2019 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.68.20190324

B, T R B8 O T LA M e, fiE
O BB AURH S5 5k5™ LED (95Mik T3
i 200013,

CH3NH3, Cs*, CH(NH,)3

© cr.Br, -

Pb?*, Sn2*

Bl 1 Hxi 58K ABX, 45 n BN
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Fig. 2. Performance changes of lead halide perovskite and its solar cells under continuous illunination: (a) A series of time-resolved
PL decays from CH3;NH3Pbl; films measured over time under continuous illuminationf”; (b) the normalized PL intensity of
CH;NH4Pbl; films measured over time under continuous illumination at different temperatures; (c) the J-V characteristics of lead
halide perovskite solar cell with the architecture of ITO/PEDOT:PSS/CH;NH;PbI; ,Cl,/PCBM/Al under continuous illumin-

ation/?; (d) the reversibility of power conversion efficiency of lead halide perovskite solar cell with the architecture of

ITO/PEDOT:PSS/CH3;NH4Pbl; ,Cl,/PCBM/AI under continuous illumination!®.
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Fig. 3. Mechanism of photo curing in CH3NH3Pbl; filmP™: (a) Iodide in a "dark spot" is initially high with a corresponding excess of

trap density; (b) electrons quickly fill traps under illumination, inducing an electric field that results in iodide to migrate away from

the illuminated region and fill vacancies; (¢) the fill will reaches a stabilized state, with the reduction of the density of the traps and

the concentration of the iodide in illuminated region; (d) when the illumination is removed, there may be a concentration gradients

driving some iodides in to the dark spot and the film will reaches a new equilibrium with a net redistributed iodide profile.
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Fig. 4. (a) PL intensities over time of CH;NH;PbI; film fabricated by conventional spin coating under laser excitations at 0.2 and

0.65 W/cm?; (b) PL intensities over time of CH3NH3PbI; film fabricated by gas-assisted solution process technique under laser ex-

citations at 0.9, 1.55 and 2.00 W/cm?; (c) absorption and PL spectra of samples fabricated conventional spin coating and gas-as-

sisted solution process techniquel?).
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Fig. 5. (a) PL measurements performed throughout a dark-light-dark cycle, showing the effect of white-light illumination on the PL
intensity of the CH;NH3Pbl; film; (b) a graph showing six PL measurements points from the dark-light-dark cycles at different
times; (c) a graph showing Experimental (taken in the dark) and theoretical Raman spectra of a CH;NHzPbl; film as well as the
Raman spectra of the same film taken in the dark and following illumination for 20, 40 and 60 min/®.,
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Fig. 6. (a) Time evolution of power conversion efficiency of lead halide perovskite solar cell with the architecture of
ITO/PEDOT:PSS/MAPDI;/PCBM/AI under constant 1-Sun illumination. The device is stressed at point A (red circles, J =0, V =

V..) or point B (blue squares, J = J, V = 0); (b) schematics of the photocurrent degradation and self-healing mechanism/™.
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Fig. 7. (a) Maximum power output tracking for 3 identically prepared perovskite solar cells (device A, B and C), with the architec-
ture of FTO/TiO,/mp-TiO,/(FAPbI;) (MAPbBr3),/spiro-OMeTAD/Au, measured under UV-filtered 1-Sun LED illumination. Ex-
perimental data were fitted to an exponential decay (single or double). (b) Schematics of the evolution of ion distribution within the

perovskite layer[®.
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Fig. 8. (a) The XRD peak of CH;NH3Pb(Brg¢ly4)s film before (black) and after (red) white-light soaking for 5 minutes 50 mW /cm?.
XRD patterns of CHsNH;Pb(Brglyg); and CHsNH;Pb(Br 7Ly 3)s films (dashed brown) are included for comparison*”; (b) photolu-
minescence spectra of CHsNH3Pb(Brg 4y ¢)3 film over 45 s in 5 s increments under 457 nm, 15 mW /cm? at 300 K*7; (c) a series of

cathodo luminescence image after light soaking under a 405 nm LED at 50 mW /cm?5%); (d) the schematic of two-step mechanism for

light-induced phase separation!d.
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Fig. 9. Main four kinds of instability of lead halide perovskites under continuous illumination: (a) Photo-curing induced by the elim-

ination of iodine interstitial ions/iodine vacancies; (b) photo dissociation induced by the migration of iodine vacancies and cation

vacancies; (c¢) phase separation induced by the minimization of Helmholtz free energy; (d) phase transition induced by the differ-

ence in the mobility of electrons and holes.
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SPECIAL TOPIC—Perovskite optoelectronic devices and physics

Recent advances in photo-stability of lead halide perovskites®
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Abstract

Lead halide perovskites, which can be grown by solution process, are very suitable for various

optoelectronic applications, such as in solar cells, light-emitting diodes, lasers and photo-detectors, due to their

outstanding electrical and optical properties. However, lead halide perovskites are unstable under continuous

light illumination, which severely degrades the performance and lifetime of optoelectronic devices based on

them. Therefore, the photo-stability of perovskites and the mechanisms have received more and more attention.

In this article we review the main phenomena in perovskites, induced by continuous light illumination, namely

photo curing, photo dissociation, photo-induced phase separation, and photo-induced phase transition. The

proposed mechanisms for the instability from the perspectives of defect states, ion migration, thermodynamics

and chemical bonds, respectively, are also introduced. Finally, the complexity presented in the studying of

photo-stability, and the issues should be addressed in the future are also briefly discussed.
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